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PREFACE

The ADOCS User Demonstration Program (UDP) was a joint effort performed
by the U.S. Army Aviation Applied Technology Directorate (AATD), Fort Eustis,
Virginia, and the Boeing Helicopter Company, Philadelphia, Pennsylvania,
under AATD contract DAAK51-82-C-0002. Demonstration flights were conducted
from Boeing's Flight Test Center at the Greater Wilmington Airport, New
Castle, Delaware. The authors wish to thank the following Boeing ADOCS
team members, without whom the program would not have been a success:

Mr. Jim Davis Program Manager

Mr. Nick Albion Engineering Manager

Mr. Paul LaSala Project Engineer

Mr. Steve Glusman Handling Qualities Engineer
Mr. John Tulloch DOCS Safety Pilot

Mr. John Bishop DOCS Safety Pilot

Mr. Bob Rayburn Test Director
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INTRODUCTION

The Advanced Digital-Optical Control System (ADOCS) contract, DAAK51-82-
C-0002, was awarded by the U.S. Army Aviation Applied Technology
Directorate (AATD), Fort Eustis, Virginia, to the Boeing Helicopter
Company, Philadelphia, Pennsylvania, in November 1981. The objective of
this 8-year, multiphase contract was to demonstrate the feasibility and
assess the performance of a digital fly-by-light flight control system
that could be used in future Army scout/attack helicopters. The contract
was initiated with five work tasks:

Task I Preliminary Design

Task II Detail Design and Hardware Fabrication

Task III Helicopter Modification and System Integration
Task IV Flight Test and User Demonstration Program
Task V Production Configuration Definition

The contract was subsequently modified to include two additional tasks:

Task VI  Autorotational Control Law Development
Task VII Control Response Documentation

This report documents the results of the User Demonstration Program (UDP)
that was performed as part of Task IV during the period of April through
September 1987, The UDP involved flight assessment of the ADOCS JUH-60A
Light Hawk helicopter (Figure 1) by guest/user pilots from Government,
industry, and the news media. The program was conducted over a 1l4-week
period and involved 76 guest pilots flying the Light Hawk for a total of
126 flight-hours. Demonstration flights were conducted from Boeing's
Flight Test Center, Wilmington, Delaware, with one off-site deployment to
Fort Belvoir, Virginia, for 1 week of demonstration flying by senior
aviators from the Pentagon. The UDP schedule is shewn in Figure 2.
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ADOCS DESIGN DESCRIPTION

The ADOCS design concept is shown in Figure 3. Pilot's commands from
multiaxis sidearm controllers are measured and transmitted via fiber-
optic cables to onboard digital flight control processors. The digital
processors perform signal shaping and control mixing on the pilot's
commands, and optically signal the rotor actuators to respond
accordingly. Aircraft sensor information for stability and control aug-
mentation is obtained by the processor from the optical data bus. The
system architecture uses separated primary and automatic control paths.

The Primary Flight Control System (PFCS) is analogous to an unaugmented
mechanical control system found on current helicopters. It providees a
highly reliable direct 1ink between the pilot and the rotor actuators.
The ultimate flight-safety reliability of the aircraft is vested in the
PFCS, whicn is designed with two-fail operational reliability. The Auto-
matic Flight Control System (AFCS) provides stability and control augmen-
tation (SCAS) and mission-related "selectable" functions. Mission reli-
ability is vested in the AFCS, which is designed with single-fail opera-
tional reliability.

Modifications made to the demonstrator aircraft to accommodate the ADOCS
hardware included changes to the right cockpit station to incorporate the
DOCS pilot four-axis controller (FAC) the collective pitch controller
§CPC), and the pedal force transducer (PFT). The backup control system
BUCS)/Safety pilot occupies the left cockpit station of the JUH-60A.
The BUCS/Safety pilot station retains the mechanical control system used
in a production UH-60A. The responsibility of the BUCS/Safety pilot is
to follow the controls during all ADOCS developmental flying. He
initiates a transfer back to the UH-60A mechanical flight control system
and takes control of the aircraft when a DOCS slow-over failure is
encountered. In addition, the BUCS/Safety pilot accepts command of the
aircraft 1if an automatic transfer is initiated by the DOCS monitor
(Figure 4) which senses rapid hard-over failures. The ADOCS demonstrator
jnstallation is shown in Figure 5. An in-depth description of the ADOCS
design is contained in the preliminary design specification.*

*Advanced Digital-Optical Control System (ADOCS) Flight Demonstrator Pro-
gram, Interim Technical Report-Detailed Design, DOC. No. D358-10045-1,
Boeing Vertol Company, Philadeiphia, Pennsylvania, May 1983.
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CONDUCT OF PROGRAM

Prior to the first flight for each guest/user pilot, an ADOCS program
briefing, systems briefing, and an aircraft operations/safety briefing
were presented. A majority of the guest/user pilots flew the aircraft for
two l-hour flights over a two-day period. Some pilots had only enough
time for one 1-hour flight. The first flight was structured as a famil-
iarization flight to demonstrate the unique ADOCS features throughout the
flight envelope (Table 1). The second flight was structured to
demonstrate scout/attack nap of the earth (NOE) mission performance
(Table 2). The UDP flight schedule is given in Table 3.

Before the first flight, each pilot filled out a personal history ques-
tionnaire as shown in Figure 6. This information was used to establish a
background/experience database that could be used during subsequent data
analysis to explain any differences in evaluation comments that could be
attributed to an experience factor. Pilot's experience ranged from
Junior officers recently graduated from flight school to senior industry
test pilots with over 10,000 flight hours.

Foliowing the 1last flight, pilots completed a second questionnaire
(Figure 7) which provided the outline for their assessment of the ADOCS.
Each pilot was asked to compare the ADOCS Automatic Flight Control System
(AFCS) and the Primary Flight Control System (PFCS) against the standard
UH-60A flight control system, and to make general comments with respect
to ride quality, pilot workload, adaptability to sidearm controllers,
etc. In all cases, if a pilot was not familiar with a standard system or
maneuver with which to compare ADOCS, he was given the opportunity to
respond to the question with ‘“cannot Jjudge". One area of the
questionnaire requested that the pilots recommend possible changes to
improve the ADOCS performance 1in a future "production-type" system.
These recommendations were to be considered for possible 1incorporation
into any follow-on efforts under the ADOCS contract.

The ADOCS JUH-60A Light Hawk was flown by 76 guest/user pilots for a
total of 126 flight-hours. The numerical and narrative responses of the
pilots are provided in the Appendix. A1l pilot responses were
"digitized" by Boeing and placed in bar-graph form (Figure 8).




NAME: DATE:
POSITION/TITLE: PHONE:
HOME STATION:
TOTAL FLIGHT TIME (APPROX.):
ROTARY WING FLIGHT TIME (APPROX.):
ROTARY WING EXPERIENCE (LAST 12 MONTHS):

TYPE /MODEL: HOURS:

TYPE /MODEL: HOURS:
OTHER ROTARY WING AIRCRAFT FLOWN:
SIDEARM EXPERIENCE:

TYPE /MODEL: HOURS:

TYPE /MODEL: HOURS:
NAP—OF —~THE~EARTH EXPERIENCE:

TYPE /MODEL: HOURS:

TYPE /MODEL: HOURS:
SCOUT/ATTACK MISSION EXPERIENCE:

TYPE /MODEL: HOURS:

TYPE /MODEL: HOURS:
MILITARY EXPERIENCE:

SERVICE: YEARS:
PERSONAL DATA:
AGE: HEIGHT: WEIGHT:
FLIGHT SUIT SIZE: SMALL LARGE _____
HELMET SIZE: SMALL ____ MEDIUM _____ LARGE
GLOVE SIZE: SMALL —__ LARGE

HANDEDNESS: RIGHT ____ LEFT

ADDITIONAL INFORMATION:

Figure 6. ADOCS pilot backqround questionnaire.




NAME
DATE

ASSESS AFCS PERFORMANCE COMPARED TO
A) TYPICAL SAS ON HELICOPTER

B) UH—-60A SAS ON HELICOPTER

ASSESS PFCS PERFORMANCE COMPARED TO
A) TYPICAL SAS OFF HELICOPTER

B) UH—-60A SAS OFF HELICOPTER

OO O O wcHWORSE o
OO 00O wess>
OO OO0 swwmw
OO0 OO emre
OO0 O O wucHeemeRr =
OO O O canorJuoce®

[

ASSESS AFCS PERFORMANCE

A) ROLL
1) STABILITY

2) CONTROL RESPONSE

B) PITCH
1) STABILITY

2) CONTROL RESPONSE

C) YAW
1) STABILITY

2) CONTROL RESPONSE

D) VERTICAL
1) STABILITY

2) CONTROL RESPONSE

OO0 OO0 OO OO uwceenae «
OO0 DO OO OO0 PR~
OO0 OO0 OO0 00 aMmmeaee
OO0 OO0 OO0 OO0 ooocn
OO OD DO 00 ecaaw
OO0 OO0 OO OO canorwce =

Figqure 7. ADUCS pilot evaluation questionnaire.
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WHAT DID YOU LIKE ABOUT THE SYSTEM:

WHAT DID YOU DISLIKE ABOUT THE SYSTEM:

WHAT SYSTEM IMPROVEMENTS WOULD YOU RECOMMEND:

WHAT ADDITIONAL FEATURES WOULD YOU RECOMMEND:

Figure 7. Continued.
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HANDLING QUALITIES

ASSESS HANDLING QUALITIES PERFORMANCE

4 3 2
4 3 2 1 CAN'NOT
(Shier)
. 23 A). GROUND TAXI D0 0O O 0
O
g gg B). VERTICAL T.O./LANDING 000 O 0
§§. C). SLOPED T.0./LANDING G O O O 0
% gg D). RUNNING T.0./LANDING D0 0 O 0
®2 E). AR TAXI OO0 D O 0

~ A). PRECISION HOVER
B4 B). LATERAL FLIGHT

(VELSTAB & RADAR ALT.)

gg C). MWARD F'LIGHT

éé D). MASK/UNMASK
w E). HOVER TURN
gg ALL MODES)
2p F). DASH/QUICK STOP

0) NAR R S TlGRE R

O 0O oag o aa
O 00O o0ogoa
O OO 0o oo o
OO0 oo oAO
O 0O oo aa ad

Figure 7. Continued.
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HANDLING QUALITIES
ASSESS HANDLING QUALITIES PERFORMANCE

#
AFCS 4 3 2 1 (CANNOT)
JUDGE

. TRIMMABILITY O

>
~

o
-~

. TURNS
(8ARO)

)

O
~

. ACC%_A./O)DECEL.

o
~

. PULL UP/PUSH OVER

™
~

. AIR TO GROUND TARGETING

FORWARD FLIGHT
(AFCS CORE & HEADING HOLD &

-n

o’

. AUTOROTATION
G). STRAIGHT APPROACH

H). TURNING APPROACH

o R s D = I = O e = R = I =
0O OO o0oO0oo o o
e = R = I = R = R = = I =
== = I = = R = = I =
T = R = R = R = B = I = R =

)} CLIMBS(A'I‘)OFSCENTS

PFCS

A). APPROACH TO HOVER

O
O
a
a
O

B). VERTICAL LANDING

O
O
O
O
O

COMMENTS:

Figure 7. Continued.
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SELECTABLE MODES

ASSESS VALUE OF SELECTABLE MODES

A). HEADING HOLD

B). VEL. STAB.

C). HOVER ASSIST

D). RAD. ALT. HOLD

E). BARO. ALT. HOLD

COMMENTS:

O o wnovaue

O +» umevaue

[0 w SOMEVALUE

0 N weH vALLE

U] w VERY HiGH VALUE

O w CANNOT JUDGE

Figure 7.

Continued.
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TABLE 1. DEMONSTRATION FLIGHT 1

Army Field Selectable Modes
Elapsed Circular 1-212
Event Time Task No. CORE HDG VEL RAD BAR HOVER
HLD STAB HOLD HOLD ASSIST
Cruise Flight X X
Engagement
(Introduce control
axis one at a time)
Maneuvering Flight 30 min 1021 X X X
Climbs/Descents
Accel/Decel Turns
Traffic Pattern 1022,1028 X X
Normal Takeoff 40 min 1018 X X
Precision Hover 55 min 1017 X X X X X
(Bring on selectable
modes one at a time
and repeat pedal
turns, sideward &
rearward flight)
Takeoffs & Landings 1hr 1032 X X
Ground Taxi 1015 X X

16




TABLE 2. DEMONSTRATION FLIGHT 2

Army Field Selectable Modes
Elapsed Circular 1-212
Event Time Task No. CORE HDG VEL RAD BAR HOVER
HLD STAB HOLD HOLD  ASSIST
Cruise Flight X X
Engagement
{Introduce control
axis one at a time)
Maneuvering Flight 20 min 1021 X X
Climbs/Descents
Accel/Decel Turns
Ground Tracking
NOE Flight 30 min 1035, 1037, X X
(Selectable modes 1038
as desired)
Instrument 45 min 1081 X X X
Approach
Traffic Pattern 1022, 1028 X X
Max{mum 50 min 1019 X X
Performance
Takeoff
Mask/Unmask 55 min 1090 X X X X X
(perform several
times bringing on
selectable modes)
Hover OGE 1036 X X X X X
Takeoffs & Landings 1hr 1032 X X
Ground Taxi 1015 X X

17
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TABLE 3. ADOCS USER DEMONSTRATION DAILY SCHEDULE
DATE PREPARED: 9/04/87
Date Monday Tuesday Wednesday Thursday Friday Date
V22 (Bell)  Apr Maintenance (R. Balzer) 0. Cannon-BHT Apr
20 7. Warren-BHT 24
D. Cannon-BAT
T. Warren-BHT
V22 (Navy) Apr (R, Mecklin) LTC W. Lawrence-USMC CPT 6. Jerauld-AATD CMDR R. Venorn-USN MAJ J. HUI1-USMC May
27 LTC W. Lawrence-USMC MAJ J. HU11-USMC  CPT M. Granger- 1
CPT M. Granger-USA USA
SOF Message May SOF Messzge Grounded Grounded Grounded Grounded May
UN-60-87-06 4 Received 8
SOF Message May Grounded Sikorsky Inspection Vibration Check DOCS Check Flight May
UH-60-87-06 11 SOF Cleared Flight X-203 Flight X-204 15
and Check
Flights
Sikorsky May Maintenance N. Lappos-Stkorsky N. Lappos-Sikorsky L. Stiles-Sikorsky L. Stiles- May
18 6. Xohler-Sikorsky G, Kohler-Sikorsky Sikorsky 22
McDonnell May Holiday Maintenance J. Hannan-McD J. Hannan-McD J. Hannan-McD May
Douglas 25 C. Parlier-McD C. Parlier-McD C. Parlier-Mc0 29
ATD Jun Maintenance LTC B, Lippencott MAJ W, Carmona /X CPT 6. Pry Jun
1 J. Benham J. Terry CW3 8, Buoni 5
J. Macriro
AVSCOM/ARTA  Jun Cpt L. Haworth LTC A. Weand LTC T. Almojuela MAJ J. Drabczuk D. Gabin Jun
8 CPT D. Jenkins LTC R. Evans C. Morse-McD C. Morsa<McD i2
Rucker Jun Maintenance CW3 T. Jones ILT C. Sherrell ILT R, Wright ILT R, Wright Jun
15 1LT C. Sherrell CW3 T. Jones MAJ C, Jones MAJ €. Jones 19
COL F. Mayer
Belvoir Jun Weather J. Burks-NASA A/C Stabilator MTF Jun
22 Deploy to Belvoir COL M. McGuire Maintenance Installation CW4 C, Allen 26
COL 8. Adams & Rig MG A. Cianciolo
BG D. Funk Return to ILG
Bragg/ Jun CW4 D. Beishline CW4 D. Beishline CW3 R, Heath CW3 R. Heath Holiday Jul
Campbell 29 WOl C. Kind %01 C. Kind CW2 J. D'Agostino CWZ J. D'Agostino 3
AVRADA/AEFA  Jul DOAC M. Ehrhart (S. Blushman) DAC T. Davis CW4 J. Webre CN4 J. Webre Jul
6 DAC T. Davis CW4 J, Lyle-AEFA CW4 J. Lyle-AEFA LTC J. Hagen LTC J. Hajen 10
(J. Lowinger)
Hood Jul Maintenance Weather 1LT ¥. Marchbank BG(P) R. Andreson (W4 M, Hutson Jul
13 CN3 M, Rosas ILT W, Marchbank 1ILT B, Barklage 17
CW4 H. Hutson CW3 M. Rosas
1LT 8. Barklage
Jul Maintenance A/C A/C A/C A/C Jul
20 Maintenance Maintenance Matntenance Maintenance 24
(Engine) (Engine) (Engine) (Engine)
Jul A/C A/C A/C A/C A/C Jut
27 Maintenance Maintenance Maintenance Maintenance Maintenance 3l
(Engine) (Engine) (Engine) (Engine) (Engine}
Aug Plant Plant Plant Plant Plant Aug
3 Shutdown Shutdown Shutdown Shutdown Shutdown 7

18




TABLE 3. CONTINUED
Date Monday Tuesday Wednesday Thursday Friday Date
Aug Plant Plant Plant Plant Plant Aug
10 Shutdown Shutdown Shutdown Shutdown Shutdown 14
Media Aug A/C A/C A/C D. Nelms D. Nelms Aug
17 Maintenance Maintenance Mafntenance {Prof. Pilot)/ (Prof, Ptlot)/ 21
(Engine) {Engine) {NTF) (National Def. (National Def.
‘ Mag.) Mag.}
MAJ G, Jerauld- (N. Albion)
AATD
Media & Aug Maintenance D. Green LCDR Horton Weather CW4 M. Stoneburg Aug
Lewis 24  (R. Dunn) (Rotor & Wing) (Def. Hel. World) WOl W, Cheek 28
LCOR Horton {B. Blake)
(Def. Hel. World)
D. Green
{Rotor & Wing)
Media Aug Maintenance R. Ropelewski R, Ropelewski LTC D. CahiNl (J. Davis) Sep
3 {Avn. Week & Space  (Avn. Week & Space MAJ T. Kraatz (K. Landis) ]

Tech.)
(R. Rayburn)

Tech.)

CWa L, Scott
(P. Lasala)
(F. Dones)

{R. Neuleners)
(6. Seehousz)

(H. Conover)

19




CONCLUSIONS

Based on analysis of the guest/user pilot ratings/comments, the following
conclusions are offered:

1.

2.

11.

The fact that the ADOCS JUH-60A Light Hawk is controlled by a
di?ital fly-by-light control system was transparent to the
pilots.

The ADOCS force-type sidearm controllers were well received.
Ad:ntation by the pilots was quite rapid.

The ADOCS PFCS was as good as a typical unaugmented (SAS OFF)
mechanical flight control system.

The ADOCS core AFCS provided better response than current
operational stability augmentation systems.

The ADOCS AFCS provided exceptional aircraft stability (HANDS-
OFF hover for 5-10 seconds).

Ro11l stability/response was excellent.

Pitch stability/response was good.

Yaw stability/response was average.

Vertical stability/response was poor.

AFCS "Selectable Modes" of Heading Hold, Altitude Hold, Velocity
Stabilization, and Hover Assist reduced pilot workload during
scout/attack (SCAT) maneuvering.

Torque control in the vertical axis was difficult using the
force~-type (no displacement) sidearm collective due to the

absence of a displacement cue that is normally provided by a
conventional collective stick.
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RECOMMENDAT IONS

The following recommendations are offered:

1.

2.

Additional developmental flight testing should be conducted to
resolve the shortcomings noted by the UDP pilots.

A "displacement" collective sidearm controller should be

designed, integrated, and flight-tested in an effort to improve
vertical axis performance.

A UDP should be included as part of all future developmental
contracts. The UDP not only transferred the ADOCS technology to
the user community but also provided a critical assessment of
the ADOCS technology from the unique perspective of pilots who
operate in the real-world "field" environment.
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AATD
ADOCS
AFCS
BUCS
cPC
DOCS
FAC
NOE
PFCS
PFT
SAS
SCAS
SCAT
uop

GLOSSARY
Aviation Applied Technology Directorate
Advanced Digital-Optical Control System
Automatic Flight Control System
Backup Control System
Collective Pitch Controller
Digital-Optical Control System
Four~Axis Controller
Nap-of-the~Earth
Primary F1ight Control System
Pedal Force Transducer
Stability Augmentation System
Stability/Control Augmentation System
Scout/Attack

User Demonstration Program
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CODITIONS.
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INTERACT BETUEEN WRIOLS

FLYING TIE A/C EASY MEN  RECUIRED TO PLACE TIE A/C IN FORCE/DISPLACEENT TRWEL IN FLIGHT NIDES (NOVER A
COMROLLED TO PROVIDE A

SENSITIVITY ALSO NEEDS 10 BE EASIER PILOV TRANSITION

ADOCS USER DEMONSTRATION
PILOT EVALLATION COMENTS

ARTHER RESCARCE: IS MEEDED MORE AUTOMATIC CONTROL OF
THE VERTION. CONTROLLER TO  FORMARD FLIGHT CONTROL
ACCOOMDATE FLIGNT MISSION SENSITIVITYS AUTOMATICALLY

TASKS. YAM CONTROL

DISLIKES

RESPONSE TASKS LIKE A QUICK

(VERTICAL) FOR CLIMBS (R
SToP.

DESCENTS WITH ALT NOLD

POER CLES. COMSTANT
PESIRE

ARCS.  SYSTBN ALSD DEACTIVATED
WHILE PERFORING QUICK

LIKES

Pege ¥No. 6
09/716/87
FIRST NME  LAST WNE
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COLLECTIVE SENSITIVITY ON  SIGNIFICAILY REDUCES PILOT

O FLOOR
[ R
NONE
APPROADIES SEBNS TO BE A WK LOAD.
PROBLEM.

ADOCS USER DEMONSTRATION
PILOT EVALUATION COMENTS

WORE FEBL., A BIT LESS

GRIPS.
SENSITIVITY.

DISLIKES

INPUTS/COUPLING. DIFFIOATY RADIO/ICS SMITOES
18 WORKING CONTROLS TO TAXI. OR REPOSITION THEM

LIKES

" /D PROTECTION. SWES  MOTHING
VEIGHT.

FIRST NOE  LAST WOE
DAVID R

VERY MELPRAL IN
NOE FLIGNT REDUCES PILOT

VEL STAB, NOVER ASSIST, AD

MD. ALT.

LATERAL ACCELEROMETERS TO  NEEDS DISPLACENENT CLES TO
TMPROVE YA. GIVE PILOT FEEDBACK AS TO
LIMITS OF ROTOR SYSTEM. WORE

PTINIZED.

PREFERABLE TO CONVENT IONAL

BEISWLINE VERY STABLE, SIDE CONTROLS YA CONTROL LESS TWAM
VERY EASY TO FLY VERY

DAVID

THESE #I0DES WOULD ESPECTALLY
IDEAL FOR SOOUT/ATTACK
MISSIONS, REDUCING PILOTS
LD TO NEAR NOTRING.

TO ELININATE DRIFT IN MOVER
NOT ENOUGH EXPOSLBE TO
FLIGHT EVALUATE TO MORE
CONSTRUCTIVE OOMMENTS.

IT SEBED LIE TE TWIST SOME TYPE OF OMECK OR CROSS ADJRUSTABLE MEIGNT D VIDTH
LOKING ALTIMITER SD CORD

ACCURATE SYSTEN TIWN DOPPLER
RADAR ALT.

JATY RATE

NOVBENTS ND ROTGR RPN. REST. SOME TYPE OF FORMARD
EVERYTIME 1 MADE A YAU IWPUT WITH THIS RESPONSIVE OF A

VERTICAL SPEED MERE EASY TO 1 WD A TEDBICY TO INCLLDE
CWANGE ND MAINTAIN. VITH A LATERAL INFUT. WAS

OVER OR UBDER SPEED A BIT

VEL STAB, HOVER AD RAD ALT OIFFICULT TO GET A PURE YAW EASIER. ALSO SOHE VISUAL

CHECK BETUVEEM TME COLLECTIVE DISPLACEMENT OF THE ARM

MEANS OF STICK DISPLACDENT.

WS NEAR NIL, FREEING ME UP. WITHOUT SOME VISUAL STICK  SCMETNING TO TUE VEL SATS
COMND FOR VERTICAL AXIS.
YA RATE RESPONSE (SEE

REQUIRED FOR A/A. RATE
DISLIKES).
)

DISPLACEMENT ESPECIALLY VITH AD NOVER MIDES INTO BESIDES
JUST 9FCS, TBDED T0 (WER  DOPPLER TO NINTMIZE ORIFT.
OOMTROL IT.

APPARENT DISSYIOERTY 1IN ROLL FLY THROUGH YEL STAB THEN

TO LACK OF ADOCS FLIGHT

HELICOPTER CONTROL IN THE

31 MDE.

THE RESPONSE OF THE A/ IN
ROLL D PITCH AXES VERE MOTION O TVE YAW CONTROL

EXTREVELY QUICK D SODTH. WAS WARD TO GET USED TO.

THE CMANGES N A/S AD
LCNGITUDINAL RESPONSE ND D YAU RESONSE, MAY BE DUE OESELECT IF ATT,

KIDES ON THE PILOT WORK LORD INPUT. ALSD WAS DIFFICAT
mmsmumosnzn:mm}lnmmx\emm

HEADING HOLD FEATURE.
STABILITY, OVERALL
FESPONSIVENESS AND WORK
REDUCTION. VITH TIE

TIE 3-AXIS CTOLIC ALLOS ROR
RAPID MABIT TRAMSFER.

NS HOLD.

[l ]
JOMN A. MACRIWNO
MATTHMEN M. MCQUIRE

OOLLECTIVE DOES MOT ALLGM  IN ADDITION TO THE SEAT
TNIS. DESENSITIZING THE YA ADJUSTMENT.

CONTROL UOIRD EMWNCE GROLND

NMDLING QUALITIES.

OF
DOES NOT ALLON THE PILOT 7O DISPLACENENT

GREATLY INPROVED. THE ADOCS OETERMINE NIS TORLE
SETTINGS BASED UPON

GREATLY BNMANCE THE IMC ND (COLLECTIVE POSITION.

MISSION PROFILE OF THE

UN-60 VITH THE ADOCS IS
AIRCRAFT .

DYNARIC STABILITY WILL

HEATH

1 MOAD ASK FOR A MON-TRIN  MOVE TIE POSITION OF TIE ICS

FOR  NOVER (A CONTIAOUS OONTROL SWITCH OB THE CYQLIC. IT IS
SHALLOW SLOPES WUIDS O NOVER) IN CYCLIC  OIFFICAT WSEN MAKING A

LATERAL OR LONGIUDINAL

SMOOTH RATE OF TURN I8 TNE  WERE 90T BAD BUT A STEEP COMTROL (MO DETENT) TO

RESONSE IMA ALL AXES. IT WAS WITHOUT A REAL “FEEL"
WD TO MALWTAIN A COMSTANT THE COMTROLS.

JES R. D'AGDSTINO  TMERE MRS DXCCLLENT OOMTROL SLOPES MERE DIFFIGAT
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ADDED FEATURES N CONENTS

ADOCS USER DEMONSTRATION
PILOT EVALLATION COMMEWTS
DISLIKES

LIKES

FIRST WPE  LAST WNE

YA AXIS UAS DIFFIOPT (70D SYSTEN SHOAD BE INTEGRATED HEADING RETENTION AS APPOSED

) 1
. = BoHguidi
uJha gﬁ%:gi;g
g Brigzgl
ﬁgﬁg;g M HIH b
B e ifieht
ggegﬁg 52:35&5252
”§a§§
Bz E
T
EHTE
S
uagé‘gﬁ_ §§§§< -
s Rl
He .
esaéauégs .§2§§§
5 21 2o
FRTTITL IR
gafgaggais THL
g§§§¥!§§’§ gggzgﬁ_
surdsi: 4
§§§§§§§ﬁ§§ PEEHT ﬂ
S $ . o1-L
jeeil? By, (ol
sieitiititany ieceiai
5 a THI L Beggd, 'Eﬂﬁ
R E T
a§§5essgsgaegg§§s§§§sass§§§
wr g ko & erlds
:ag‘ﬁgéégﬁa Ll
bs swipy saiousugss
Blzigs: e
bEfs.gfu  godEglegds
THm HTHEE
b TEM R sﬁgaﬁﬁsmsgg

JAES L. WEBRE
VILLIN &, MARCHBANK

35

THE SLING W LMDER THE A/T)

i
fig H
T
sedeE T
M
gaﬁggtzggggug.
ity izt
Bu-gy ook §; E
HHIH B

= Q <
st e
!!;%552. QE?H
PR R TIT
{ET TR 1
gy of1 ¢ ik
gz!égﬁgg EEE»

5 <

il
‘55525-5 AT
!§t= g §
THE st
§§5§§§ e
fili: gl
LI
sgésgsgﬂgégs, ? i
Wag¥ - F1- I
sith il il
sttt
H TH AT

MANUNL P.  ROSAS
NICHAEL . WUTSON

JUST THE REDUCTION 1N PILOT

THIS ATTITUDE WITR A LITILE DIGITAL RAD ALT SO BXACT

QUT TMAT THE VAN CONTROL WAS
MOT MY PROBLEM. ONCE 1

AWORKLOAD WOULD SIGHIFICANTLY

MORE TRAIMING. (FLT 2) THERE ABSOLUTF ALTITLDES COAD BE




ADOCS USER DEMOMSTRATION
PILOT EVALUATION CONMENTS

DISLIKES

LIKES

FIRST WOE  LAST NAE
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NOOK UP AND RELEASE PWASES).
A BIT SENSITVE TO PILOT

ROMLD K.  ADRESON CONTROL RESPOMSE AD

A SOEMAT SOFTER RESPONSE -

NOT MUCH TROUGH - TO PILOT

LANDING D PROBABLY WOE 1PUTS.

STABILITY.

EFIS TYPE "BUCS® AR

FLIGHT ALTHOUGH PROBABLY IS SYSTEN CAPABILITIES. INPROVE DIRECTICNMAL AND ALTITUDE

AORKLOAD SOMEMMAT MIGHER

THAN 1T OAD BE.

BUT CENERALLY
FINE TUNING. CERTAILY
OF CONEPT.

FINE TUNING RECUINED, BUT
CURRENT SYSTEM CERTAIMLY
PROVES CONCEPT.

DLELLENT OPERRTIONS
THIS STAGE OF DEVELOPMENT

PILOTS TO *DIAL IN" NEW
MEADINGS OF ALTIMDES.
FORIND LOOKING RADAR.

A RESALT OF SHORT TINF IN  AMTI-DRIFT IN NOVER. PERMIT CONTROL CWANGES. ALLOM

SEEMED JERKY IN SOME MODE OF FIME TUNING OF QURRENT
AC. UCX OF TACTILE FEEL.  WeDS OFF CLINBS, DESCBNTS

STABILITY MD EASE OF
OONTROL; VERY EASY TO LEARN
UITH RETENTION OF CONTROL
CPERATION. MRS ABLE TO
ESTABLISH COMNFIDEMCE IN

SYSTEM VERY QUICKLY.

MIGSTINE  CINCICO EASY TO USE.

w
(<))

YA CONTROL WAS NOT AS GOOD INPUX FORCE REQUIREIENTS

AS OTMER AES.

RR WF TO ADAPT TO BASED O NAYBE THE RATE OF THE INPUT
OF CONTROL DISPLACEMENT.
THE ReD \ORK. TMAT WAS BEEN  PILOT FEEDBACK AD CLES SO WRY |

NY DPERIDICE VITH THE CH54 OOULD BE REDUCED vs. AMOUNT

VERY GOOD STABILITY VISE -  SYSTEM MAS TOD SENSITIVE
HOVER NID INFLIGHT. WS EASY \MEN A INPUT WS MAOE.

VERY CNTROLLABLE TO FLY. | FELT THE YAW CONTROL
AFT SEAT.

CARL E. ALLEN

TO PILOT THE OVERML

MORE WORK ON 4+0 AD PROVIDE WITHOUT COLLECTIVE FEEDBACK

FOR AUTO HOVER MOLD.

OOIE TO NELP ANSER FLIGHT ME KNOMS WMAT ME 1S DOING TO SENSITIVITY.

OONTROL DESIGH QUESTIONS. 1 THE A/C WETH OONTROL INAUTS.

BELIEVE THAN MUCH MORE OOLD
8E DOE W/ADOCS TO GIVE MIRE

FRANC N.  WAYER

OPERATIONAL ABLITY OF THE
ADOCS DESICN ST BE

MCDIFIED. 1 A NOT COWINCED
TIAT 3+1 IS BETTER THAN 440
IF THE SBMSITIVITY 1S

CORRECTED AD USER FREINDLY.
OOULD HEADING NOLD FEATURES A/C SEEMED TO DRIFT WMILE  NEADING MAD, MOVER ASSIST,
BE LINGD 10 CORSE WINDOW  DOING 80B-UP MANELVER. ALSO
INDICATION O NST THROLUGH AN SENSED SMALL ROLL CHANGE.

INSIGHTS.

ND RO ALT LD OOUD ALL

SEDUCE PILOT WORKLONDS
DURING MOST MIDES OF TERPAIN
ALIGHT NO BXTERAL LOD

CONTROL MAS LIMITED 70 1 MR. CPERATIONS. [ DOW'T THINK 1
WOAD USE VEL STAB THRT

VERY WRD T0 TELL SINCE
FORED IN ACTUL UH-60 TO  MUCH. BARD ALT HOLD WOLLD BE
ACOOMPLISH LANDING FROM GREAT FOR INSTRUMENTS.

OVERALL TIME AT ACTUNL

ADITIONL SUITCH.
WO TO GVERCOME MBITS

TO SLOFE AW T00 M4 10 THIS SYSTBM TO

TALL AD RECOMEID IMPROVENENTS AT

MEM FLIGNT CONTROLS. OME HAVE LOMG ARMS IT \WOUD BE TIRIS TIE.

TIME INPUT OF CONTROL FORCE NIiCE IF WAND MELD OONTROLS
YO ATTAIM DESIRED PITON OF MERE MOUNTED MORE FORMAD.
ROLL M THEN FORGET IT, IT INTERCOM BUTTON ON PILOT'S

WI'L NDWMIN OMSTANT. O CYCLIC IS TOO HIGY FR
SEE A REAL NEED FOR QN A COMFORTABLE NAND POSITION.

MORKLOM ONCE ADASTED TO  FORMARD. SINCE 1 MM
SYSTEM WITH EXTERMAL LORD

TOTAL REDUCTION OF PTLOV PILOT SEAT SEEMED

MALLACE N. STOMERLRG
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ADOCS USER DEMONSTRATION
PILOT EVALUATION QONENTS
IPROVEMENTS

DISLIKES

LIKES

FIRST WNE  LAST WWE

THEN RORCE COLLECTIVE SYSTEM
MUST PERMIT PRECISE POMER

ADJUSTMENTS.

DID NOY FLY PFCS OR DO SLOPE
LANDINGS Ot TAKEOFFS.

ARY.

GITSTADING. AL SELECTARE DIFFIOATY T

NDE REDUCE PILOT WORKLOND
TO A GREAT EXTENT.

ROLL STABILITY WS

smm-mmuﬁmmwmw, TORGLE SENSING VTR AIRCRAFT SEE INPROVEENTS COMMENTS. DID MOT GO INTO GROMD

FOR VERTICAL AXIS TO ALLOW  PRESELECT CAPABILITY; COUPLE CLIMBS AND DESCENTS \ERE
OOME MITH SWLL CHMIGES 1N

ALTIRDE (<1500 FT).

COOWDED ALTITUES FED IUTO AUTGMATIC MODE SELECTION;  EFFECT OF ATTEPT A FURE
IKTO AN AUTOPILOT.

CONTROL. MAVE AIRSPEED WOLD
PILOY SELECTABLE AD TIE
NORMAL IKDE BE ATTIRDE HOLD

NBUVERING (MILD) TN
FOR PITON,

ALTITWDE BLD FOR
COLLECTIVE GRIP QRIENTATION STRAIG'T/LEVEL ND/CR NC
- THDK iT NEEDS Y0 BE

WEN WS OFF, WS
SBEEL. CONTROL RESPONSE -  UNOOMFORTABLE TO MATON EVEN SOME ARTIFICIAL INTELIGBNCE ALTITUDE AD MEMOING

CONTROL RESPONSE IN THE MOLL CONTROL RESPCMSE IN YAW - DOM'T 0KM - GOOD SYSTEL. MO

O WY FINGER TIPS & GETTING CROSS COUPLING INTO YAM DUE FOR AN ACCELERATION OR RATE
AXIS - GO SBISITIVITY,

AERE GO FOR ME IN ALL AES GETTING INTO THE STSTEM.
SETMEEN INITIATING A FORCE  SLIGHTLY MORE AMGLED DOMN. RELEASE THME ALTITUDE NOLD

BT VERTICAL WNICH ¢
A RESPONSE ON THE ALTINITER TO CYCLIC GRIP DESIGN.

TROUGHT TWAT SEMSITIVITIES TNOUGM NO INRUTS \ERE
AD TORAE NETER. VERY NICE

IR PLATFORN - AIRSPEED AD
ALTITWDE HOLD FEATURES.

ROBERT L. RAYEUN
PERCIEVED A SLIGHT LAG
ST

LES

w
[ <}

REQUIRED TOO MUCH

PREDICTABLE, DEQLATE RATES. COMPEMSATION & ADAPTING.

INSTRUCTOR PILOT/SAFETY

PILOT (JONN BISNCP) DID A

REFDIED YAN COUPLING TO A ALTITUDE HOLD TMAT WOLLD
IMPROVE CCORDIMATED FLIGHT. ALLOW USER TO SELECT AN

CLEAR VIEW OF INSTRUMDIT YA OONTRX. IS SOMEMMAT

TINHY A. KRMATZ

'3
|

ALTITUDE FOR LEVEL-OFF

CAPABILITIES. WMDS-OFF OVEROOIC WITR EXFERIBICE.

FLYING ALLOMS A SINGLE PILOY

TO PERTORN ADDITIONAL TASKS
QUASTADING STABILITY, WOULD
BE FANTASTIC LNDER IMC.

C(RME RADIOS, ECT.).
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